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Application of inertial sensing
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Cold-atom gradiometer

(Stanford University,  M. Kasevich)

Fundamental Physics

To measure the 3-axis components of acceleration and rotation

in a compact inertial sensor for onboard applications

Goal

Atomic gravimeter and gradiometer already successfully implemented

▪ Atoms preparation : 107 atoms of 87Rb trapped in the hyperfine state 𝑎 = |𝐹 = 1,𝑚𝐹 = 0 ⟩
laser-cooled at 2 μK

▪ Raman frequency is chirped to compensate for the Doppler effect : 
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Gravimetry fringes

Perspectives

I. Perrin, J. Bernard, Y. Bidel, A. Bonnin, N. Zahzam, C.Blanchard, A. Bresson, and M. Cadoret,

Zero-velocity atom interferometry using a retroreflected frequency-chirped laser,

Phys. Rev. A 100, 053618 (2019).

Horizontal acceleration

measurement
Frequency chirped Raman lasers

▪ Detuning from the two-photon resonance : 

𝛿 = 𝜔1 −𝜔2 − (𝜔0 +𝜔𝐷 +𝜔𝑅)

▪ No Doppler effect for zero-velocity atoms : 

2 pairs of Raman lasers simultaneously resonant and coupling 𝑎, Ԧ𝑝 → |𝑏, Ԧ𝑝 ± ℏ𝑘𝑒𝑓𝑓⟩

𝜔0 = hyperfine transition

𝜔𝑅 =
ℏ𝑘𝑒𝑓𝑓

2

2𝑚
= recoil frequency shift

𝜔𝐷 = ±𝑘𝑒𝑓𝑓 ⋅ Ԧ𝑣 = Doppler effect

Frequency chirp applied on the Raman lasers to lift the degeneracy : 𝛽 =
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Mimics an effective atomic velocity in the reference

frame of the lasers :  equivalent Doppler shift

𝜔𝐷 = 2𝜋𝛽 ⋅
2𝐿

𝑐
≡ 𝛿𝜔

Raman Spectroscopy
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Sensitivity and stability

Hybridization of a classical accelerometer

with the atom accelerometer

▪ Short-term sensitivity : 3.2 × 10−5 m. s−2/ Hz
▪ Best resolution at 500s integration time :            

0.2 × 10−5 m. s−2

▪ Drift possibly due to an angular variation of the 

Raman mirror (∼ 10 μrad)

Results

Correlation fringes
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horizontal interferometer

▪ Chirped-Raman pulse sequence with

𝛽 = 210 MHz. μs−1

▪ Classical correlations : 𝑃 = 𝑃0 −
𝐶

2
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Atom interferometry
Stimulated Raman transitions

Analogue of Mach-Zehnder optical interferometer :

light ↔ matter waves ; mirrors and bs ↔
𝜋

2
and 𝜋 pulses

2 atomic states a and b 
𝜋
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pulse : beamsplitter 𝜋 pulse : mirror
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Atom interferometry principle

2. Mach-Zehnder light-pulse atom

interferometer using stimulated

Raman transitions 

1. Magneto-optical trap 3. Detection of the 

interferometer phase :
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Theoretical and experimental bias study

▪ Chirp technique insensitive to : 

▪ Bias induced by :

▪ For the resulting biases to be ≤ 10−5 m. s−2, the time sequence (pulse and frequency ramp 

triggering) must be controlled at 30 ns.

Raman lasers intensity variations

Raman pulses duration

value of the chirp 𝛽 used to lift the degeneracy

Raman pulse timing asymmetry (simulated Doppler term –

clock effect – bias = 35 × 10−5 m. s−2/µ𝑠)

effective wave vector changes during the AI sequence


